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(54) [Title of the invention] 

A DC electrical power cable and a connector part therefor 

(57) [Abstract] 

5 [Problem] To provide a DC electrical power cable and a connector part therefor, 
having not just a superior DC breakdown characteristic, but also superior 
characteristics for all forms of insulation breakdown during Imp application, polar 
inversion, and DC superposed with a reverse polarity Imp. 

[Means of Solution] The present invention provides for a DC power cable and a 
10 connector part therefor having an insulating layer made of cross-linked polyolefin, 
characterized in that the said insulating layer comprises an ethylene-based 
copolymer which has a dibasic acid anhydride and at least one type of polar-group- 
containing monomer — which contains at least one type of carbonyl group, nitrile 
group or nitro group — as copolymer constituents, or a cross-linked structure of 
15 resin components wherein a resin constituent comprising the said ethyl ene-based 
copolymer and another polyolefm-based resin are blended with 2,5-dimethyI-2,5- 
di(t-butylperoxy)hexane and a thiocarboxylic acid ester-based antioxidant as 
essential constituents. 



[Scope of Patent Claims] 

[Claim 1] A DC power cable having an insulating layer made of cross-linked 
polyolefin, characterized in that the said insulating layer comprises an ethylene- 
based copolymer which has a dibasic acid anhydride and at least one type of polar- 
group-containing monomer — which contains at least one type of carbonyl group, 
nitrile group or nitro group — as copolymer constituents, or a cross-linked 
structure of resin components wherein a resin constituent comprising the said 
ethylene-based copolymer and another polyolefin-based resin are blended with 2,5- 
dimethyl-2,5-di(t-butylperoxy)hexane and a thiocarboxylic acid ester-based 
antioxidant as essential constituents. 

[Claim 2] A DC power cable connector part having an insulating layer made of 
cross-linked polyolefin, characterized in that the said insulating layer comprises an 
ethylene-based copolymer which has a dibasic acid anhydride and at least one type 
of polar-group-containing monomer — which contains at least one type of 
carbonyl group, nitrile group or nitro group — as copolymer constituents, or a 
cross-linked structure of resin components wherein a resin constituent comprising 
the said ethylene-based copolymer and another polyolefin-based resin are blended 
with 2,5-dimethyl-2,5-di(t-butylperoxy)hexane and a thiocarboxylic acid ester- 
based antioxidant as essential constituents. 
[Detailed Description of the Invention] 
[0001] 

v. 

[Technical Field of the Invention] The present invention relates to a DC power 
cable and connector part therefor having superior insulation breakdown 
characteristics during impulse application, polar inversion, and DC superposed 
with a reverse polarity impulse. 
[0002] 

[Prior Art] The insulator layers of rubber/plastic-insulated electrical power cables 
— whether used for DC or AC — are generally made by extruding a resin 
composition of a polyolefin blended with a prescribed quantity of cross-linking 
aeent, antioxidant and the like on me outside of a conductor and cross-linking the 
polyolefin by subjecting it to a cross-linking process at a pressure of 10 ke/cm^ and 
a temperature of 200 to 300°C. Dicumyl peroxide (abbreviated to DCP in the 
following) and the like have hitherto been used as the abovementioned organic 
peroxide. This DCP undergoes thermal decomposition at the cross-ljikiDg process 
step to produce a decomposition residue of acetophenone and the like. In c^^hles for 
DC applications, such cross-linking decomposition residues reouce the b^lk 
resistivity oi tne msulator layer and degrade the higji-temperature JjC hreaPTTown 
penormance, and facilitate the accumulation of charge in parts such as tne 



semiconductor layer around the outside the insulator layer, thereby promoting 
the formation of a soace charge and markedly impainng me breakdown voltage 
during polar inversion and PC.supejg)ose with a reverse polarity impulse. 
[0003] Increasing the bulk resistivity of the insulator layer has been studied as a 
means of solving these _problems. and proposals have own made for using a resin 
that is an ethvlere-based copolymer which has sl dihagjf; ari(^ Mx nvdr iQe ano at ica^i 
0"s.type o^PPiaE:^^^^^ — which contains at least one tvpe of 

carbonyl group, nitrile group or nitro group — as copolymer constimems 
(Unexamined PuDusiiea Japanese rateni Application (JP-A) Nos. H5-298925, H5- 
298926, H5-298927 and H!>-^v«y^8). An ethylene-1>ased:scopolymer into wnicn a 
polar group has oeen introduced, such as those mentioned above, can maintain a 
high insulation resistance even after it has been cross-linked with DCP, and can 
maintain good DC breakdown characteristics. Furthermore, since these polar 
groups trap electrical charges, they suppress the formation of a space charge when 
DC is applied and can also maintain a high polar inversion breakdown voltage. 
[0004] 

[Problems Addressed by the Invention] However, there has been a problem in that 
an electrical cable with a cross-linked ethylene-based copolymer wherein the 
abovementioned monomers which have polar groups are copolymerized has a 
reduced impulse breakdown voltage due to the effects of the polar groups. Also, 
when the cable is reheated during joint construction, the DCP decomposition 
residues can undergo secondary decomposition to produce water, and since this 
moisture markedly impairs the insulator breakdown characteristic by producing 
voids in the insulator layer, it has been necessary to take great care to ensure that 
no moisture is produced. The present invention has been made to solve these 
problems, and aims to provide a DC electrical power cable and a connector part 
therefor, having not just a superior DC breakdown characteristic, but also superior 
characteristics for all forms of insulation breakdown during Imp application, polar 
inversion, and DC superposed with a reverse polarity Imp. 
[0005] 

[Means of Solving the Problems] Specifically, to achieve the abovementioned 
objectives, the invention of Claim 1 (referred to as the first invention in the 
following) of the present invention provides for a DC power cable having an 
insulating layer made of cross-linked polyolefin, characterized in that the said 
insulating layer comprises an ethylene-based copolymer which has Adiha&ir , acid 
anhydride and at leasi one type o^ nolar-grou£-containinj^ mpp'^^er — which 
contains at least one type of carbonyJ ^groun, nitrile group or nitro group 
copolymer constituents, or a cross-linked structure of resin components wherein a 



resin/;! constituent comprising -the said ethylene-base^^^polymer and another 
polyolefto-based resin are blended with 2,5-dimethyl-2,5-di(t-butylperoxy)hexane 
and a thiocarboxylic acid ester-based antioxidant as essential constituents. 
[0006] The invention of Claim 2 (referred to as the second invention in the 
following) provides for a DC power cable connector part having an insulating layer 
made of cross-linked polyolefin, characterized in that the said insulating layer 
comprises an ethylene-based copolymer which has a dibasic iacid anhydride and at 
least one type of polar-group-containing monomer — which contains at least one 
type of carbonyl group, nitrile group or nitro group — as copolymer constituents, 
or a cross-linked structure of resin components wherein a resin constituent 
comprising the said. , ethylene-based copolymer^and^other polyolefin-based resin 
are blended witlj 2.S-dknethyl-2,5-di(t-butylperoxy)hexane tod a thiocarboxylic 
acid ester-based antioxidant as-^ssenttahconstrrcrents. 
[0007] 

[Modes of hnplementation of the Invention] The present invention is described in 
detail in the following. In the. present invention, an ethylene-based copolymer 
which has a dibasic acid anhydride (called (B) in the following) and at least one 
type of polar-group-containing monomer (called (A) in the following) — containing 
at least one type of a carbonyl group, nitrile group or nitro group — as copolymer 
constituents, or a mixture of the said ethylene-based copolymer and another 
polyolefm-based resin, is used as the resin constituent. As the abovementioned 
ethylene-based copolymer it is possible to use any of the following: a multiple 
ethylene-based random copolymer of ethylene, (A) and (B); an ethylene-based 
^copolymer of (B) graft polymerized to a copolymer of ethylene and (A); or an 
ethylene-based copolymer of (A) and (B) graft polymerized to polyethylene. Low- 
density polyethylene, ultra-low-density polyethylene, straight-chain low-density ^ 
polyethylene and the like can be used as the abovementioned polyethylene to which 
(A) and (B) are graft polymerized. 

[0008] Examples of ootef-group-containing monomers that can be used include 
ethyl acrylate, vinyl acetate, methylvinylketone, and 2-nitrostyrene. Of these, 
monomers such as ethyl acrylate that contain a caroonyl group are suitable because 
they are highly effective at increasing the bulk resistivity. A suitable dibasic acid 
anhydride is maleic acid anhydride, which is not only highly effective at increasing 
the bulk resistivity but is also advantageous in terms of cost. If the content of (A) in 
the ethylene-based copolymer is from 0.001 to 0.05 wt% and the total content of 
(A) and (B) is from 0.002 to 0.2 wt%, a high bulk resistivity and a sufficient 
insulator resistance are obtained, which is preferable. It is not possible to obtain an 
adequate DC breakdown characteristic when the content is below this range, and 
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when the content is above this range the polar groups make an excessive 
contribution so that the reduction of impulse breakdown value cannot be 
suppressed even when a thiocarboxylic acid ester-based antioxidant is used. Other 
^ ijl^ polyolefin-based resins that can be used in addition include ethylene-propylene 

copolymers, ethylene-acrylic acid copolymers, ethylene-vinyl acetate copolymers, [j^ 
^ 37 ethylene-styrene copolymers and ethylene-propylene-diene-based tertiary 
copolymers. The blending ratios of the other polyolefin-based resins may be 
suitably adjusted within the range where they do not impair the characteristics, 
which is roughly 0 to 80 wt% of the resin constituents. 
10 [0009] The resin components in the present invention include the addition of 2,5- 
^v^i^ dimethyl.2,5-di(t-butylperoxy)hexane and a thiocarboxylic acid ester-based 
^f/ ^/<3| antioxidant to the abovementioned resin constituent as essential constituents. The 
2,5-dimethyl-2,5-di(t-butylperoxy)hexane functions as a cross-linking agent which 
cross-links the resin constituents that make up the insulator layer of the electrical 
15 cable and the insulator layer of the electrical cable connector part. By choosing 2,5- 
dimethyl-2,5-di(t-butylperoxy)hexane as the cross-linking agent, it is possible to 
maintain an adequately high Imp breakdown voltage by suppressing the reduction 
of Imp breakdown voltage caused by the cross-linked polar groups when a resin 
containing polar groups is used. Also, since the decomposition residues of the 
20 cross-linking agent are thermally stable, secondary decomposition is unlikely to 

occur when it is reheated during joint formation, and it is unlikely that water 

which causes voids — will be produced in the insulator layer. Accordingly, it is 
possible to maintain a favourable insulator breakdown characteristic. The amount 
^^^J< ^^2,5-dimethvl.2,5-di(t.butylperoxv)hexanP i-t^nied in is preferably from 0.1 to ^ 
'5^' 25 10 parts by weieht, and more preferably 0.1.to .5 -parts by weight withj-espect.t< 
100 parts by weight of resin constituent. If the blended amount is too little then the 
heat resistance is found to uecrease because insumciem cross-linking is achieved, 
and if it is too ereai ine crpssriuikingjiins Xo„ex.cess during cable pfbduction anf 
scorching orcnrs which impairs the electrical characteristics of the cable. 
30 [0010] The antioxidant in inc picsent invention peffomK the function of 
preventing problems such as degradation of the resin constituents by oxidation, 
thermal decomposition, thermal coloration, and contact degradation due to heavy 
metals under severe conditions. To realize the aim of the present invention in 
suppressing the reduction of Imp breakdown voltage, it is necessary to use a \ 
35 thiocarboxylic acid ester-based antioxidant. Note that the number of carbon atoms 
in the alkyl group bonded to the carboxylic acid sulphur atom is preferably 8 or 
more from the viewpoint of miscibility with the resin constituents. A typical 
antioxidant for this purpose is bis[2-methyl-4-{3-n-alkyl (C12 or Cm) 
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10 
15 

20 

30 



thiopropionyloxy}-5-t-butylphenyl] sulphide, which is shown in Formula 1. 
Commercial products containing this antioxidant as a principal constituent include 
Adekasutabu AO-23, which is made by Asahi Denka KK. 
[0011] 
[Formula 1] 



(R = Ci2orCi4) 

[0012] The amount of antioxidant blended in is preferably from 0.1 to 1 part by 
weight and more preferably 0.1 to 0.7 parts by weight with respect to 100 parts by 
weight of resin constituent. With this amount blended in, the thermal ageing 
characteristics are sufficient, and the favourable electrical characteristics of the 
cable are maintained without reducing the bulk resistivity of the insulator layer. If 
less than 0.1 parts by weight of the antioxidant are blended in, the insulator layer 
has insufficient resistance to degradation of the insulator layer by oxidation, 
thermal decomposition, thermal coloration and the like, and with more than 1 part 
by weight the cross-linking reaction is likely to be impeded, which tends to reduce 
the degree of cross-linking in the insulator layer, so neither of these cases is 
desirable. 

[0013] Although the abovementioned specific organic peroxide and antioxidant are 
blended with the resin composition for the formation of an insulator layer in the 
present invention as essential constituents thereof, other additives may also be 
blended in as necessary. Other additives that can be blended in include slip 
additives, fillers, fire retardants, antistatic agents, copper damage prevention agents 
and heat-sealing agents. 

[0014] An electrical cable according to the present invention is produced by a 
hitherto known method. The process of cross-linking the insulator l^^er can be 
implemented by a method whereby a cable core_ is formed by mEuUt^eously 
extruding the insulator laver — usin^ ihe saiil resin composition as the raw 
material — with the inner semiconductor layer and outer semiconductor laver 
around thf- outside of the conductor, then heating it in a cross-linking zone to cross- 
link the inner semiconductor layer ana outer semiconductor layer aiong with the 
insulator layer. A temperature in the range trom zuO to ^SO'^C may be selected loi 
"the cross-linking zone. 

[001 5 J Also, an electrical cable connector part according to the present invention is 
produced by different methods according to the mode of connection: when 
moulding the insulator, an insulator tape is produced by extrusion moulding in the 
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tape moulding method, and in the extrusion moulding method it can be produced 
by extrusion moulding using a die; in methods using a reinforced insulator block it 
is produced by a moulding method involving the use of a die mould. 
[0016] For example, in the extrusion moulding method, the ends of the electrical 
5 cables are processed by cutting them to roughly conical shapes, after which the end 
parts are made to face each other, the conductors are connected together and the 
inner semiconductor layer is moulded, after which an extmsion-moulded non- 
cross-linked insulator layer is formed. It is then heated under pressure to cross-link 
the non-cross-linked insulator layer, resulting in the electrical cable connector part. 
10 The heating temperature is normally selected in the range from 170 to 280°C, and 
although the heating time varies according to the heating temperature, it can be 
selected in the range from 5 hours to 20 hours. 
[0017] 

[Embodiments] Specific embodiments of the present invention are described 
15 below, although the present invention is not limited to the examples described in 
the following. 

[0018] (Embodiments 1-2; comparative examples 1-2) Cross-linkable resin 
compositions were obtained in pellet fomi by blending organic peroxide and 
antioxidant in the proportions shown in Table 1 with 100 parts by weight of a 
20 polar-group-grafted polyethylene (**). 

** An ethylene-based copolymer obtained b^ the .graft polyrnerization of 
J & acrylic acid ester and maleic anhydride with, a low-density polyolefin (density 
/ tJ^l.-sp:^--£-^^® ' ^ .Og/10 minutes). The content of carboxylic acta in the 

P ^ ^/V7 ethylene-based copolymer is 0.1 wt%, and the content of maleic annydride is 6.01 
■ 25 Wt%. 

[0019] A conductor of cross-sectional area 100 mm^ was coated with three 
S^lp> simultaneously-extruded layers — an inner semiconductor layer of thickness 
0.7 mm, an insulator layer of thickness 3.5 mm using a resin composition shown in 
Table 1, and an outer semiconductor layer of thickness 0.7 nun — to obtain a cable 
.^^30 core. The cable core was then cross-linked by heating it under pressure with a 
nitrogen gas pressure of 10 kg/cm^ and a temperature of 270°C. A metal shielding 
layer and a sheath layer were then provided in the usual way to produce the DC 
electrical power cables of embodiments 1-2 and comparative examples 1-2. 
[0020] (Evaluation) The power cables obtained by embodiments 1-2 and 
35 comparative examples 1-2 were subjected to the following insulator breakdown 
tests while passing sufficient current through them to raise their conductor 
temperature to 90**C, and the amount of moisture produced after reheating was 
measured. The results are shown in conjunction with Table 1 . 
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[0021] Negative-polarity Imp breakdown voltage: The breakdown voltage of an 
electrical power cable of effective length 8 m was measured by applying a 
negative-polarity Imp with a start voltage of 200 kV which was further increased 
by stepping up in the ratio 20 kV/3 times. 
5 [0022] DC breakdown voltage: The breakdown voltage of an electrical power cable 
of effective length 8 m was measured by applying a DC breakdown voltage with a 
start voltage of 60 kV which was further increased by stepping up in the ratio 10 
kV/10 minutes. 

[0023] DC superposed with a reverse polarity Imp breakdown voltage: The 
10 breakdown voltage of an electrical power cable of effective length 8 m was 
measured by applying an Imp voltage with a start voltage of 50 kV which was 
further increased by stepping up in the ratio 20 kV/3 times, and superposing a 
reverse-polarity DC voltage of 35 kV/mm. 

[0024] Sheets measuring 50 x 50 x 10 mm were also produced with the resin 
15 compositions shown in table 1, and were pressed at 170X for 30 minutes to obtain 
cross-linked sheets of the same dimensions. These cross-linked sheets were 
reheated to 160°C for 9 hours, and the amount of moisture produced was 
determined by the Karl Fischer method. 
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[0025] 
[Table 1] 





Embodiments 


Comparative 
examples 




1 


2 


1 


2 


Resin components (parts by weight): 










Polar group graft copolymer 


100 








2,5-diniethyI-2,S-di(t-butylperoxy)hexane ♦! 


2.0 


2.0 


— 


— 


Dicumyl peroxide 


— 


— 


2.0 


2.0 


Thiocarboxylic acid ester-based antioxidant *2 


0.7 


0.5 


0.5 




4,4-thiobis(3-methyl-6-t-butylphenol •a 


— 








0.3 


Cable characteristics: 










Degree of cross-linking in insulator (%) 


84 


85 


83 


84 


Negative-polarity Imp breakdown voltage (kV/mm, 90*'C) 


211 


217 


189 


154 


DC breakdown voltage (kV/mm, 90*'C) 


223 


229 


191 


191 


DC superposed with a reverse polarity Imp breakdown voltage 


183 


189 


174 


146 


(kV/mm. 90X) 










Amount of moisture produced during reheating (ppm) 


198 


196 


425 


430 



•1 Perhexa 2.5B, produced by Nihon Yushi KK 



♦2 An antioxidant whose principal constituent is bis[2-methyl-4-{3-n-alkyl (C,2 or Cm) thiopropionyloxy}- 
5-t-butylphenyl] sulphide; Adegasuiabu AO-23 produced by Asahi Denka Kogyo KK 

•3 Nokurakku 300R made by Ouchi Shinko Chemical Industrial Co.. Ltd. 

[0026] Since the resin compositions of embodiments 1-2 use 2,5-dimethyl-2,5-di(t- 
butylperoxy)hexane as a cross-linking agent and a thiocarboxylic acid ester-based 
5 antioxidant as the antioxidant, an electrical cable in which the insulator layer is 
made by cross-linking this resin composition has a favourable DC breakdown 
characteristic and negative-polarity Imp breakdown characteristic, and produces 
little moisture when reheated after cross-linking. On the other hand, although the 
resin composition of comparative example 1 uses the same resin constituent as 
10 embodiments 1-2 and is blended with a thiocarboxylic acid ester-based antioxidant 
as the antioxidant, it uses dicumyl peroxide as the cross-linking agent and 
consequently has an impaired DC breakdown characteristic and negative-polarity 
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Imp breakdown characteristic, and produces a lot of moisture when reheated after 
cross-linking. Also, since the cross-linkable resin composition of comparative 
example 2 uses dicumyl peroxide as the cross-linking agent and uses an antioxidant 
other than a thiocarboxylic acid ester as the antioxidant, it has an impaired DC 
5 breakdown characteristic and negative-polarity Imp breakdown characteristic, and 
produces a lot of moisture when reheated after cross-linking. 
[0027] 

[Advantages of the Invention] The resin compositions used in the electrical power 
cable and electrical power cable connector of the present invention use 2,5- 

10 dimethyl-2,5-di(t-butylperoxy)hexane as a cross-linking agent and a thiocarboxylic 
acid ester-based antioxidant as the antioxidant. Consequently, the insulation layers 
of electrical power cables and electrical power cable connectors obtained by cross- 
linking this resin composition not only have a superior DC breakdown 
characteristic, but also have superior characteristics for all forms of insulation 

15 breakdown during Imp application, polar inversion, and DC superposed with a 
reverse polarity Imp. 
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